Abstract. The intercalation of herbicide, 3,4-dicholorophenoxyacetic acid (3,4D), into zincaluminium-layered double hydroxide (LDH) for the formation of a new nanocomposite ZincAluminium-3,4D (ZADX), was accomplished via anion exchange method. Due to the intercalation of 3,4D with LDH interlayer domain, basal spacing expanded from 8.9Å in the ZAL to 17.7-19.0 Å in the ZADX. The percentage loading of 3,4D in the ZADX is 51.4 % (w/w). The FTIR spectra of the nanocomposite shows resemblance peaks of the 3,4D and Zn-Al-layered double hydroxide indicating the inclusion of 3,4D into the layered double hydroxide. Surface area of the resulting nanocomposite increased from 1.3 to 7.14 m 2 g -1 with the nitrogen adsorption-desorption of type IV.
Introduction
Layered double hydroxides (LDHs) also known as hydrotalcite-like materials or anionic clays with a general formula [M x +2 M y +3 (OH) 2 ]
+X A x/n n-. yH 2 O,where M 2+ are divalent cations, M 3+ are trivalent cations, An-is the interlayer anion and x is the molar ratio of M 3+ / (M 2+ + M 3+ ) having the typical value of 0.25. Structurally the are formed by brucite-like (Mg (OH) 2 ) sheets where isomophorm substitution of Mg 2+ by a trivalent cation like Al 3+ occurs. The positive charge of the layer is compensated by anions, which occupy the interlayer space along with water molecules [1] [2] [3] .
One of the most important properties of the anionic clays is their high anionic exchange capacity that is related to their lamellae structure, this allows the exchange of their original anions with those present in an aqueous solution [4] [5] [6] [7] . This material has increasing the interest of scientist and academia due to their potential and it is simple and cheap to prepare [8] . LDHs had been applied in many fields including polymer [9] , pharmaceutical [10] , industrial catalytic process [11] , environmental cleanup [12] , and matrix for control release formulation [13] .
The intercalation of various anions into the LDHs have been accomplished using various methods: hydrothermal reaction [14, 15] , thermal reaction [16] [17] , calcination-rehydration [18] and co-precipitation [19] . The co-precipitation method and ion exchange method have often been used for the formation of organo-LDH nanohybrids.
In this paper we would like to report the preparation of Zn-Al-3,4-dichlorophenoxyacetic acid at Zn to Al molar ratio, R=4 and pH 7.5 on the physicochemical properties of the resulting nanocomposite. The anion successfully intercalated into the inorganic host namely ZincAluminium-Layered Double Hydroxide (LDH) for the formation of host-guest, organic-inorganic nanohybrid material. The intercalation of 3,4D was done by direct method. 3,4D is an organic anions that have been used widely in agricultural as a herbicide which is commonly used for controlling weeds in wheat, corn plantation and paddy field. ,Sigma-Aldrich,96%) was used as the starting material of the guest anion. All solutions were prepared using deionized water.
METHODS AND MATERIALS

Materials
Methods. About 3.5 g Zn /Al-LDH was vigorously stirred with 50 ml aqueous solution of 3,4D for 3 hours and was aged at 70 °C in an oil bath shaker for 18 hours, at various concentrations (0.01-0.1 M) of guest anion solutions. The slurry was centrifuged, washed with deionized water and then dried in an oven at 70 °C. The resulting material was ground and kept in a sample bottle for further use and characterizations Characterization. Powder X-ray diffraction (PXRD) patterns were recorded on a Rigaku model Ultima IV powder diffractometer using filtered Cu-Kα radiation (ʎ= 1.540562 Å) at 40kV and 20mA, 2°min-1. Fourier transform infrared (FTIR) spectra were recorded by a Perkin Elmer 1725x spectrophotometer in the range of 400-400 cm-1. Finely ground 1% samples in KBr powder were compressed to obtain a pallet and the pellet was then used to obtain IR spectra. The elemental analysis was performed using CHNS/O Analyzer 2400 Perkin Elmer Series II. The mole ratio Zn to Al fraction of the resulting ZADX were determined by an inductively coupled plasma spectrometry (ICP-AES) using a Perkin Elmer Spectrophotometer model Optima 5300 DV under standard condition. The specific surface area of the solids were determined by a Micrometrics surface area and pore size analyzer (ASAP 2000) using nitrogen gas adsorption-desorption technique at 77 K. Samples were degassed in an evacuated-heated chamber at 120 overnight prior the measurement.
Result and Discussion
Powder X-ray diffraction. Figure 1 shows the PXRD diffraction patterns for LDH and ZADX nanocomposite, synthesized at different concentrations ranging from 0.01-0.1 M by an ion exchange method. As shown in the figure, basal spacing of pure LDH, is 8.9 Å similar with previuos study [21, 22] . The new guest anion, 3,4-dicholorophenoxy acetic acid (3,4D) was intercalated into the interlayer of LDH at concentration of 0.01 -0.1 M 3,4D forming a Zn-Al-(3,4-dicholorophenoxy acetate hybrid nanocomposite (ZADX). The bigger size of 3,4D compared to nitrate together with its spatial orientation cause the expansion of the LDH intergallery from 8.9 Å in the LDH to 17.7-19.0 Å in the ZADX nanocomposite as a result of the accomodation of the 3,4D anion. The PXRD patterns of LDH and its nanocomposite, ZADX having typical features of sharp with high intensity reflection at low 2θ value [23] . In addition, the intensity of the 003 reflection of the nanohybrid increased as the concentration of the 3,4D increased. ZADX synthesized at 0.01 M shows a mixed phase observed at 2θ = 4.71 degrees and 2θ = 9.7 degrees. The broad reflection at 2θ = 4.71 degrees is due to the incomplete intercalation of new organic anion, 3,4D. At this lower concentration 3,4D intercalated into LDH interlayer together with the counter anion, nitrate. This is parallel with FTIR spectra Fig.2) showing adsorption band at 1384 cm -1 indicates the nitrate functional group. As the concentration increased to 0.05 M, the intensity of the 003 reflection became higher. This indicates that the nitrate anion become lesser and 3,4D anions start to occupy the LDH interlamellae. A well-ordered nanocomposite of ZADX was obtained when this material was synthesized at 0.1 M 3,4D. ZADX prepared by using 0.1 M 3,4D produced sharp, symmetrical with high intensity peaks especially for the 003 reflection with basal spacing of 19.0 Å can be clearly observed indicates that pure phased nanolayered structure was obtained. The best wellordered ZADX was subsequently used for further characterization.
Infrared spectroscopy. Fig. 2 shows the FTIR spectra of LDH, pure 3,4D and their intercalated products, ZADX. The FTIR spectra of LDH show a broad absorption band centered at 3454 cm -1 and 3423 cm -1 respectively due to the presence of O-H stretching mode of the physisorbed hydroxyl groups, as well as interlayer water molecules [24] . The FTIR spectra of LDH show a weak band at 1637 cm -1 corresponding to H-OH stretching vibration [25] . Bands in the low frequency region corresponds to lattice vibration modes Zn-OH at 615 cm -1 , Al-OH at 555 cm -1 and deformation of HO-Zn-Al-OH at 425 cm -1 . A sharp peak at 1384 cm -1 is assigned to vibration of NO 3 -groups in the LDH layer. The bands at approximately 825 cm -1 is attributed to stretching modes that confirm the presence of NO 3 -groups in the LDH interlayers with D 3 h symmetry [26] . The FTIR spectrum of pure 3,4-D shows a broad band at 3459 cm -1 , which is attributed to the O-H stretching vibration. A band at 1713 cm -1 is due to the C=O stretching. Bands at 1469 and 1400 cm 
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anion was formed as a result of the intercalation process. Once intercalation occurred, the hydrogen bonding in the intercalated 3,4D anion with hydroxyl groups within the brucite-like layers and the intercalated water molecules is much stronger than in the pure 3,4D [27] [28] . On the other hand, the disappearance of sharp and intense band at 1384 cm -1 confirmed that the ion exchange process between nitrate and 3,4D was completed. Nanohybrid composite synthesized at lower concentration (0.01 M and 0.05 M) shows co-intercalation of nitrate together with 3,4D, as evidence in Fig. 2 in which the absorption band at 1383 cm -1 and 1382 cm -1 can be observed in the spectra.
Elemental Analysis. The elemental and organic contents of the LDH and their nanohybrids synthesized by anion-exchange method are shown in Table 1 . The initial molar ratio of Zn to Al in the LDH is 4. However the molar ratios reduced after the anion-exchange reaction, with the value of 2.32 compared to the initial value of 3.9 in LDHR4(Layered Double Hydroxide with molar ratio = 4). In other words this shows that the molar fraction of Al in the LDH inorganic sheets is slightly higher than that available in the LDH at the beginning of the reaction, whether it is for the formation of the LDH or the corresponding nanohybrid. The changes in the Zn to Al molar ratio can be due to the dissolution of the LDH inorganic layer due to the acidity of the pure 3,4D acid solution during the anion-exchange reaction. Free Al 3+ may replace Zn 2+ ion during this process, resulting in a lower Zn to Al molar ratio compared to its precursor, LDHR4. It is believed that dissolution of the LDH involves breaking up the hydrogen bonds between the hydroxide layers and the precipitation of the dissolved cations with the incoming anions [29] . Higher positive charge density in the resulting LDH inorganic layers may enhance the inclusion of the 3,4D, as guest anion into the LDH interlayer. The CHNS analysis for the nanohybrid, ZADX synthesized at 0.1 M shows no nitrogen, showing the absence of this element in the nanohybrid, as a result of the intercalation of 3,4D into the LDH interlayer, and the negation of nitrate anion from the interlayer. This is parallel with the high content of carbon in the nanohybrid due to the presence of carbon in 3,4D. The percentage of ZADX contained in the nanohybrid was estimated to be 51.4 % (w/w), calculated based on the carbon content of about 21.5 % (w/w) which was obtained from the CHNS analysis. Surface Properties. Fig. shows the adsorption-desorption isotherms for LDH and ZADX. The N 2 adsorbate uptake for LDH is slow in the relative pressure range 0.0-0.8. The adsorption increases rapidly to reach an optimum uptake of about 6 cm 3 /g, which is a low uptake of nitrogen gas. Similarly, ZADX also shows Type IV isotherm. The adsorption increases slowly at low relative pressure in the range of 0.0-0.6, followed by rapid uptake of the adsorbate at a relative pressure > 0.7, and reaches an optimum at 40 cm 3 /g. The desorption branch of the hysteresis loop for ZADX is much broader compared to LDH due to differences in the texture. Table 1 shows the surface area of the material as determined by the Brunauer, Emmett and Teller (BET) method. Due to a decreased in the pore size and an increase in the pore volume, the surface area increased from 1.3 m 2 /g for LDH to 7.14 m 2 /g for ZADX. This also indicates a change in the pore texture due to the formation of the ZADX compound. Fig. 4 shows plot of the BJH desorption pore size distribution for LDH and ZADX. As shown in the figure, LDH gives a single peak pore size distribution centred at around 500 Å, while the pore size distribution for ZADX is about 500 -650 Å. Table 1 shows the average pore diameter and pore volume determined by BJH. The BJH average pore diameter increased from 127Å in LDH to 253.4 Å in ZADX, respectively. 
Sample (Å) Zn/Al ratio
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Summary. Nanocomposite of ZADX was successfully synthesized by using anion exchange method with 51.4 % of 3,4D were intercalated into the interlayer of LDH. 
